Introduction: Expiratory flow increase is a maneuver of respiratory physical therapy that promotes flow direction to the upper airways however, when applied in newborns, it may result in changes of thoracoabdominal mobility. Objective: To evaluate the thoracoabdominal mobility by photogrammetry in newborns after expiratory flow increase technique. Methods: Experimental blind study performed with newborns in supine position on a support table with upper limbs flexed, abducted and externally rotated and hip flexed at 110°. Adhesive markers were allocated for geometric delimitation of the thoracoabdominal compartment and expiratory flow increase technique was performed for 5 minutes with the therapist's hands on the thorax and abdomen. Newborns were filmed before and after the maneuver and the frames were analyzed in AutoCAD ® software by a blinded investigator at the time of the procedure. The largest and the smallest thoracoabdominal area were expressed in cm 2 and the mean values were compared between two moments (pre and post maneuver) by paired t test. Results: Twenty newborns with a mean age of 39 weeks were included. Before the maneuver, thoracoabdominal area was 56.1 cm 2 during expiration and 59.7 cm 2 during inspiration, and after the maneuver the value was 56.2 cm 2 during expiration and 59.8 cm 2 during inspiration,
Introduction
In newborns, changes in respiratory muscle, muscle synergy and ribcage are slow and depend on several factors, from intrauterine bulbar center development to adaptations of pulmonary morphology of extrauterine life (1 -3) . However, the knowledge of neonatal pulmonary physiology and the changes that occur in its intra and extrauterine development are fundamental for the management during the evaluation of respiratory physical therapy. This is because respiratory physical therapy encompasses a large number of maneuvers that aid pulmonary recovery, such as expiratory flow increase technique, which modifies the inspiratory and expiratory variables, in order to promote flow guided to the upper airways and, when applied in newborns, it may result in thoracoabdominal mobility changes (4, 5) .
As part of this assessment, the development of computerized devices for the measurement of respiratory mechanics has enabled to evaluate mobility in the most diverse clinical situations and age groups, however, these systems are commonly restricted to high cost research centers and most of them do not apply to neonatology (6) .
Among these systems, we highlight: PCLAB ® software -a precursor in the software development with medical applicability, developed at Mcgill University, Canada, in 1994, which the composition of final data consists of electrical signal graphics (7); Inductance plethysmography, considered a gold standard for pulmonary evaluation by means of volume change between the ribcage and abdominal compartment (8); and Optoelectronic Plethysmography (OEP), a non-invasive evaluation method that allows the indirect quantification of pulmonary volumes (9) . with no statistical difference between before and after (p = 0.97, p = 0.92, respectively Thoracoabdominal mobility evaluation by photogrammetry in newborns after expiratory flow increase technique
Unlike the previously mentioned systems, biophotogrammetry stands out as a versatile and easily adaptable mechanism for several areas (10) . Its use allows the geometric delimitation of thoracoabdominal compartments from the extension of the thoracic wall and its thoracic and abdominal subcompartments (6, 10, 11) . As an ascending technique, it has two ways of evaluation, photogrammetry and videogrammetry, that evaluate kinematics of body movements by a set of photos and video acquisition, respectively, and it may be used in two-dimensional (2D) or three-dimensional (3D) evaluation (12, 13) .
Although there is already specific software for biophotogrammetry, such as SAPO ® , its application is focused on postural analysis and, in spite of respiratory analysis, records are analyzed by software such as Coreldraw ® and AutoCAD ® (14) . However, this concept was recently applied for the newborns' evaluation of respiratory mechanics (6) .
Although expiratory flow increase technique is a widely used technique in newborns, it has not been studied in such large proportion in this population (4, 15, 16) . The few studies do not show clear results regarding the effect of this technique on thoracoabdominal kinematics in newborns. In this perspective, the objetive of this study is to evaluate thoracoabdominal mobility by photogrammetry in newborns after expiratory flow increase technique.
Methods
This is an experimental study carried out into the housing unit of the Ana Bezerra University Hospital (HUAB). The study was approved by the Research Ethics Committee of FACISA/UFRN (protocol number 80203/2014), in compliance with resolution 466/2012 of the National Health Council. All newborns included in the study had a free and informed consent form signed by their legal responsible person.
Sample recruitment was performed in a nonprobabilistic way, by convenience from HUAB hospitalizations during the study period (from March to August, 2015). The study included 22 newborns with gestational ages between 37 and 41 weeks of both sexes, up to 72 hours of age, in ambient air, who were awake (stage 4 of Brazelton scale) (17) . Newborns with congenital malformation, genetic syndrome, heart failure and respiratory diseases were excluded from the study.
Procedures for data collection
In order to capture the images, newborns were placed in supine position on a support table with the surface covered with a hypoallergenic and disposable EVA sheet of approximately 50 cm in length and 0.2 mm thick. After positioning, adhesive markers were allocated to the following points: [1] anterior superior iliac spines and [2] level of the jugular notch of the sternal manubrium, projected laterally. These references served as an anchor for the geometric delimitation of the thoracoabdominal compartment in the acquired images during photogrammetry (Figure 1 ). The final tracing was an adaptation to the lying posture of the model used by Ricieri and Rosário Filho (10) and reported in the study by Oliveira HB et.al (6) . After adjusting the markers, newborns were positioned with the upper limbs flexed, abducted and externally rotated, hip flexed at 110° and maximal exposure of thoracic region ( Figure 1 ). 
Images acquisition
A digital Sony Cyber-shot DSC-H20 ® camera, with 10.1 Megapixels, positioned 30 cm away from the newborn, was used on a tripod with a fixed height of 1 meter. After adjusting the markers, the newborn was filmed for 60 seconds before and after expiratory flow increase technique.
The technique was applied by a single investigator (JIAG) and all evaluations consisted of synchronous and slow thoracoabdominal movements generated by the investigator's hands during expiratory time.
One hand was placed over the thorax and the other over the abdomen. With the thoracic hand, an oblique pressure was applied from top to bottom and from front to back towards the abdominal hand during expiration. The technique was performed for 5 minutes with 15-second intervals between them (4).
Interpretation of images
Each experiment generated 80 frames in 120 seconds and all were analyzed through AutoCAD ® software, by a second investigator blinded to the study. This investigator did not identify whether the frames represented pre or post expiratory flow increase technique. The extension of thoracoabdominal compartment was delimited, superiorly, from the level of the jugular notch of the sternum, and inferiorly, to the anterior superior iliac spine. Mobility was expressed in cm², by the lateral area of this compartment (8) (Figure 1) . Frames with the largest and the smallest area were analyzed as inspiratory and expiratory movement, respectively.
Data analysis
The 1600 frames (80 frames x 20 newborns) were submitted to statistical analysis in the software Statistical Package for the Social Sciences (SPSS) ® , version 20.0 in the following steps: KolmogorovSmirnov test to verify data distribution; use of parametric or non-parametric inferential tests to compare descriptive characteristics of each data group; paired t test to compare differences between the means of thoracoabdominal area, pre and post technique; significance for the results was considered p < 0.05.
Results
From 22 newborns included in the study, 20 were included and two newborns were excluded during images interpretation due to poor frame quality. From the 20 newborns in the study, 12 were female and 9 were born by C-section. Table 1 shows descriptive sample data (n = 20). Figure 2 shows that there is no significant statistical difference in the thoracoabdominal area, before and after the technique, throughout the respiratory cycle. 
Discussion
The study demonstrated that the proposed geometric model for the evaluation of thoracoabdominal mobility was effective in differentiating the delimitation of thoracoabdominal area of newborns at the bedside, and in this evaluation, it was observed that expiratory flow increase technique does not change thoracoabdominal mobility throughout respiratory cycle. Fontoura (18) described that the main objective of expiratory flow increase technique is to eliminate air from the lungs at high speed, and with the mechanic technique procedure, it is not expected to have the increase of the lung area as effect, since the physiology of the technique involves pulmonary emptying process.
It was expected that the process of pulmonary emptying would cause decrease in thoracoabdominal area, which was not found in our results.
Although expiratory flow increase technique is a widely used technique in all age groups, with a strong use in hospital neonatology (19) , there is a great lack of studies that stipulate its effects on thoracoabdominal mechanics (20) . On the other hand, there are other studies (4, 21, 16, 22 -25) that evaluate the technique effects on vital data, such as respiratory rate, heart rate and peripheral oxygen saturation, and these data may corroborate with this study findings.
In the study by Souza and Moran (4) effects of vibrocompression and expiratory flow increase technique were compared in preterm newborns hospitalized for respiratory distress syndrome, and each technique was applied for 5 minutes. In this study, no differences were observed in clinical responses of vibration and expiratory flow increase technique, since the physiological and clinical parameters evaluated (respiratory rate, heart rate, peripheral oxygen saturation and Silverman Anderson score) did not change significantly, considering, according to the authors, that there is a clinical stability of the newborns submitted to them, when the main objective is bronchial hygiene.
In this sense, Luisi (21) reported in his review on viral bronchiolitis, that French studies emphasize the expiratory flow increase technique due to its effectiveness without major systemic changes (21 -23) , and vibrocompression, tapotage and postural drainage techniques do not present benefits on this disease progression.
Contrasting these claims, Gardengui et al. (23) , in a prospective and experimental study with a sample of 30 infants under 8 months old, compared the effects of expiratory flow increase technique, , vibrocompression and postural drainage on cardiorespiratory parameters (respiratory rate, heart rate and peripheral oxygen saturation) in patients with viral bronchiolitis, and showed that there is a rise in respiratory work represented by increased respiratory and heart rates after expiratory flow increase technique. In addition, they did not find significant effects on peripheral oxygen saturation in their study.
Corroborating with Gardengui et al. (23) findings, Diniz et al. (24) , using methods similar to this study, which evaluated the effects of thoracic compression respiratory maneuvers on hemodynamic and respiratory signs of infants with pulmonary atelectasis, observed that chest compression techniques promote increased respiratory rate, signs of respiratory discomfort and decreased peripheral oxygen saturation, once again reinforcing the clinical instability of compressive techniques application and confronting the study of Souza and Moran (16) .
An important mechanical problem that directly influences the use of compressive techniques is that in newborns, the process of passive expiration occurs in very low volumes due to resistive properties of the pulmonary parenchyma, especially regarding alveolar surface tension, that is, techniques of pulmonary emptying may increase the risk of alveolar collapse (22) . This neonatal characteristic may occasionally contraindicate this technique in spontaneously breathing (20) , and it may also justify the need for objective assessments, at the bedside, of thoracoabdominal mobility during respiratory physical therapy maneuvers, such as the one presented in this study.
The I Brazilian Recommendation of Respiratory Physical Therapy in Pediatric and Neonatal ICU (26) suggests that the application of expiratory flow increase technique should be done slowly for newborns; aiming to train exclusively flow direction, without thorax compression, with intervention at least once a day, from 5 to 10 minutes, and these characteristics may have been an interferential factor in the results reported in this study, since they considered during the experiment design.
The analysis method of thoracoabdominal mobility proposed in this study reached the objective of evaluating thoracoabdominal compartment in newborns and it was able to observe changes of thoracoabdominal area before and after expiratory flow increase technique. The method was effective in differentiating the delimitation changes of thoracoabdominal region and it has proved to be a useful tool in the evaluation of patients who do not voluntarily control respiratory rate and synergy of muscle activity during breathing.
Ricieri (11) reports that the use of photogrammetry for the analysis of respiratory movement allows to establish evidence of the volume-movement relationship and this information may be used to infer respiratory mechanical behaviors of relevant clinical utility for respiratory physical therapy, which can be observed in this study. Although this study presents a 2D model, results demonstrate that the methodology was effective to monitor neonatal respiratory kinematics during the application of a respiratory physical therapy technique.
However, some limitations must be considered. The methodology described in this experiment proved to be effective for the acquisition of measurements and numerical information used in neonatal clinical applications, to do so, each frame was individually processed in AutoCAD ® . Although this method is effective, it is time-consuming, as each frame takes from 10 to 25 minutes to be processed. To be sure of the peak and the basis of the respiratory movement, it was necessary to analyze all generated frames, which resulted in at least 13 hours of work for each newborn in this study. An algorithm capable of doing this task automatically, would be a great tool, once it would decrease the working time. Vital signs and general characteristics of birth after the technique were also not evaluated, which restricts comparison with results obtained in other studies (19, 23, 27 -30) . The hypothesis raised with our results is that the evaluation of vital signs and general birth characteristics (such as birth weight and gestational age) could be correlated with thoracoabdominal mobility and thus support our hypothesis that expiratory flow increase technique does not seem to change thoracoabdominal mobility of newborns.
Conclusion
The results of this study demonstrate that expiratory flow increase technique, when evaluated by biophotogrammetry, in healthy newborns, does not seem to change thoracoabdominal mobility, which may reinforce their indication for newborns. However, new studies are needed with larger samples and different newborn characteristics to reach more definitive conclusions.
